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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE, AND METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polishing method, a polishing 
device, and a manufacturing method for a semiconductor device, where 
occurrence of dishing or erosion is suppressed in a planarizing process for 
polishing a metal film to constitute wiring of a semiconductor device having 
a multilayer interconnection structure. 

SOLUTION: A process (PR4) for forming a passive state film on the surface 
of a metal film which prevents electrolytic reaction of the metal, process 
(PR5) where a protruding passive state film present on the surface of metal 
film which is generated by filling a wiring channel is selectively removed by 
mechanical polishing so that the protruding metal film is exposed on the 
surface, a process (PR6) where the exposed protruding part of the metal film 
is removed by electrolytic polishing, so that the rough surface of the metal 
film generated by filling of filling of the wiring channel is planarized, and a 
process (PR7) where a metal film present on the insulating film of the metal 
film whose surface is planarized is removed by electrolytic composite 
poHshing, where electrolytic polishing and mechanical polishing are 
composed to form wiring are provided. 
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mm.mm±mm uzmmc^mmi,z mmmm 

(Dmi^ThMzx x^^fzm%i-mM(n^Wiz-m.'th 
mk.mwmwmmi.zi.'^xwsiKmzwi^y.. i 
%mm<^m>^mAzm^^^hiM):. . 
Hfrienai uz^mm>€M^^mm\.zi.->xm^\^. 

m.iz^t h^m^mm^wmmtmmmb ^ 
m^^^f^mfm^mmx-^xm^L. luieiiis^ffM 
■thxm^ $ i^i,z^-tmsm i i:iemco^#:^ao 

mmt m■^^'t6mmM2^z^m(^^mimm(7)mM 

±iixi/mimmmd x o i^zmm^m^cowmmm 

fiicL. mmmii!,uz^mm<7){h^^^iBitLtzmiz. 
mmmm^i^z^^^-th^j^T^x^mmmtmrnrnm 
mi>zx -yxmti^^v^mtimmizmiii'thtx'W.^i-i 

mimmm±i,z^^^^^^j:^<v ^m^mmmm^ 
mmizmm-th t x'mmwmm^mmirzX'oxmi^^ 
xmt ^:^tmsm2^zmmcr>^mii^mm<r)mmif 
m. 

mmm t comzmMmt:ift^ ifne^JiJi*3 x w< 
o^mmmt imMmmxMmmt ix. mm^m 
mtixw^ y ^li t mimmxMbcr>m^zm&^mii 
I. 

mmmmxmmUT^mmmcommi^zmmzi^m^'^ 
X . mB^mm&mzm^^fifzTmmmmmmz 
mil. 

mmmm^zm^tifzyfmmmt' ^mta itzma^m 
mm^mMmmm<r)mmmi>z x^xmm^itm 
*Ji4 ^zimcr>^mi>^mm(ommiTm. 
[tmmimimmxMtcomx-mmmm^titzm • 
mm i ByiB^]iM*5 X w N' u ^m^zmm tz\tmi5. $ 
^xmti±mmi5 XT/mtif^ u A'Uta^ l . 



m^\.xm%mmiM.\.zm.hm.m:'t~9 y/t, 
mmm<^±% $ \,zm^\^xm%t-mm>X'(if^')^ 

mimi ] mmmx.^tco^x'mmi^mw^ixrzm 
mm^mti±mmxxj^j^ u ^mzmm fz\tm.^ 

^i:•C Mia^JSlfc cttXBfiiSA'u ^mzm% L . 

<Diz^^^^-:^vyi/i. mmmMm^zm^\<^x 
msi-^mmis X w< u ^mmm<Dmm'§mtim-t 
m 5 i,zMm(o^mi^msmmijm. 

mmmmm-tts^t^mmm^:iY^^-^xmiiT-mm 
m^mmizmtm^m 5 ^zmm^mi^imm 
mm. 

MfMzi^ Lx ^ti^fimmv- h cD^v ^mti:hit^mm 
m^m ^xmti-^'frtc^mmtJ-^ v ^mt ^ ^tL^tm 
i-fhimm 5 iz%mcr>^mi^mscomjjm. 
im^mio]m%i^m^^v^mmi-tixmx' 
{i. mi^<u'<rmbmMmmxMt(r)mzm\st^m& 
mi^'!i^^j:^mmimi-tixnx'comtmmmt 
wimmmxMbc^mizmu-thmEx o iis<-ti.fi* 
m 5 i>zMm(o^mi^mm(7)mmifm. 
immni 1 ] mmmm^mm-ixmii. mm 
mmmm^ttt^z. mtmrnmcoTm^zm^^tLfz 
T^msmimtfzmmt '^mMmm±iz][m^tim 
mt^wm-htzubo^^y^^ hTi-^-)v^mm-hxm 

mwm.mm\>z^m^m!bmsxmi. mmmmmt 

izim(^^mi^ms(^mmim. 
[11*351 2] mmmmmfAizii. m^mmt. 
wMmimmi3xrf:3y^^' hyu-Mzamn^ y^m 
m^^xm^mub'^tsm^-mi uiiBa<^^©*^ico 

m-^mi 3] mm^^'j^mcommifMzii. Ta. t 

i . TaNfcilA'T i N<7)\^'ftlt^^m^^limm4lZ 

^t^ittzm^tmt'^^j:hmmnzmmco^mwmmco 

msmi 5] wiMZ^mmcommmim^mixm 
im^trnm^tms^ 1 4 i,ztmcr>^^mi^mmm 
mm, 

mm-±mm(r>mm±t>znmthm-^m 1 ^ztmco^ 
i^mmmmm. 
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mmmmTMmmwmmMmnzM\^tiij\^cr>m 
&Mizi^m&.m^i!bi-h^miimm^^b . 

m^co^m^z^-oxm^m^^mmm^^b . 
mmmmnmicom^mm±i,zmmmm i. mm 

mmT.Mi.zmjti^mMWikimiik'tmmmmm^^m 

^^tsit^mm^miki-mmwim^^m^i^^z^ 
-tmsm 1 9 izsm<7)mmmw.. 
[if^«2 1 ] wiMmMmmmi^^mi. mtmmmn 
m)<Dmmmmi>zmfmmt fditm-^mizwrn^tL. 

i,zmmi-mm^^^b. 

mmm^B.bmMmmxM b (7)mizpmmm mu-t 
mi&mmb mihimm i ^zmmcommms. 

mKiii!,:htmi^m2nz^m(ommmm. 

mimm^^i. mnmmxM:<7)Mzmmmj:Mb 
mmtxim ^^ti . mumwrn^mz x ^ x^^^ 
tL. mmmxMbbi.iz^Wii-mm^comMm^^ 
tmsm2 1 izMmc^mmmm. 

mmi>zn\^tmizmmmmmi:^^ yy'tm^^ 
-rs X ^ 7 y~3^^mi msm 2 3 i,z%mmmm 

Bo 

m}<^}mmmizmi^-tmiiim 2 a \,z%^mmmm 



\^^tifzmm!&mi\,z^->x%^^tixii,'o . mmm. 
'thMwmm\,z\mthm%'fviy^^^\:.xm%'^ti 

mim2 7 ] immmim^i. mmmmmnc^w. 
mmm\izm^%fitz'<^^^mizn\.x'^ts:h'm-h^^ 
ts:hmm. 2 3 lizimmm^w. 

miLmzwM%m%m>mm!,'fhmm.'mm: 
$ h\,zm7L hmm. 1 9 \,z^(mmm.. 

m%mmmbm%^mmmb(^^(nmmm:m^-t 
h mmmmmim 1 1 tmm 2 3 ^ztmmmm 

So 

X . mMmmmm<^mti<-^ t ^ 1. j; a izwmmxm 
bmrnmrnn^'^b <7)iii\^ij\^mLmmmtmm 

$ ^ i^z^-tmsm 2 9 ^ztmmmi&mo 
[11*313 1 ] immMm.m<^mmmm(^^mizmmt 
^xti^Mm-tmmm^^-tmmxmmi. mm 
mmnmimmmmmi,z^m^'tt^j:ti^i^im^'^x¥ 
mmm-r h mmmmxh x . 
mwmmx\.z%mL^^%th mm!m^m:^ 

mmmm\izmmmmnmi<nmmmz'm^mts: 
Wsmmixm%%%wkm7L. mi^Mzxhnm- 
mmbmmmm\z^ hmwmmb ^n^\^fzwm.^ 
mm\,z^-yxm%^mmmnmi(^mmmk^mmm 

m^mwmzi. hnmmmbmmmwoiwimm 
mzx hmmmmb^m.-^uznm.-mm\,zi. ^ 
xmmmmnw^o^wmmkmmmthmm. 
3 1 \iz%m<mmmm.. 

[if*ii3 3 ] mm!&.(mmjM<mmmb^mmi^'y 
f£<b hwmt.fz\mm\.z'^'^^fd-zmmnm%(nm. 
mb ^mmki^^'^^x^Lm. 
mmmj.m'^mb \^mmmmnm^<nmm^w^ 
bhx. mmmmnm^(r^mii-hmmmTMzm 
immm:m.xmihmm%m:mikL. 
mmmx^bmim(mmhb^mzm^-^^ts:-h^ 
m'M(n>^w,z^^->xwmm^^. 
mimmLi^hmmmmiimm%mmm^z);.hwm 
m^m.^v.fzmmm.^'mm^.z};, xmimmnmh\.z 

[11*113 4 ] m\mmmbmmmmmh<^mmb 
(nmz-mm!m.b b \,\,zwmkm:'^t^\'c^mm: 
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t/mmmi^zx ^^t^wmmt m^ttzmmm^ 
mttmsmsi^zimmmm. 

mtimmmcommi^<^m\'^izj: -^x^ittm 

co±^ ^i,zm-^\,^xmmcr>mn^'m-titmm 3i,z 

t (Dmiz. m^(7)mm(^^vi^x:\^cr,mE^muLxmi 
mmmmm^-tm^m3 3i,zMm(nmmijm. 

mmmifim^<7)mm^zmi5itfzi±m$^^. mmmm 
)!im}C7)mm^mmtm^m3 3i,zMm<r)mmifm. 

m^'it. mimmmi!i^mi,znLxmmm^it 
^j:ti^(>mimmmi^mmi>zmm^titz^mmzmmt^ 
m^m3nzMmmmifm. 

mmmtwitmmxMt<7ym<omm.m±^ $ izm 

mii^zimmmijm. 

imsmA 0 ] mmmm^z^tti^mmmmmz^ 

[11*314 1 ] mmicimmizm^^titzmmcomm 
^zmmmmcommKmmifmmm-thT^mm 

mm^mmiLMmmm t friE^JS^ t crym^znM 
^it-^^'tx'^mmmmh^mmt^num. t^-^. 
mm\miL^tmti^mmtmt^zn^<r>mE.^m\\-th 

¥j\&<7)w-mi,zf^^ xmiii^m ^^t. wm^mmco o m 
timmT.mmmm{znLx^^ Lfi€iUi.m-mmm 
'kmmmT.^<^wmm\.zx->xmmi{zm:-fhiL 

mm^mmmtmi^^tixmmi^zm^ L/c^mn^flgp 
^muwm^zi. hnsmm^mzx-yxw^Lxmi 

[fi*Ji4 2 ] m%mmmtm%^±m^t<^m^zmtm. 
mmtbuzmmw^i^tsit^mmm^^^^^. m 
tmmmh X ximtmmmmz x i it^mmmi^z x 
xmpmim^mm\,zw^icthm%-^A i tcisKco 

\t%^tzm\mii-hts:hmm.A.\\.z%^mmmiim. 
[11*^4 4 ] mii^-mmmi. m%i±mm:mL-fh 



^mii-mwymm^L^z'femhmmA i \zmjm 

%mm,f)m<. wmm^mtm^mntmA nz 

nmm 6 3 mmmmm^mm<omm^zmmfz 
mMi-Amm^mmtimm4ii,ziimco 

mm<7)±^^i>zm-^\^xmm<Dmm'§mtm^m 
4 6iz^m<7)mmijm. 

[ii5i<3i4 8 3 mimmmiz^ttimmmmmzm 

[000 13 

umi/zm-f^. 

[00023 

A-cfco. ^mi^mscommr^-iixizm^mmi 
mj<7^mm^mizix^^^. -u. mimm 
m<7)^mi^msmmm^tixr)u^-^A (ad 

Tif^ y/u-MziiK^x. m^(oimmmmmti>fz 
Mz. WMm^^r)u^~^A (A 1 ) p(:>m (cu) 
|,zftlfzRm7°^■<zx<7)m%tl^^^^z'^^htlx\'^l . c 

-i^Bym^^^±x'^6b\<^o^v -/h^^hi. 

Cu^Wmi^zmmttzra-i^xX'li. fzbtlf. $>i^t- 

tmmt^mmm^ tfzmmmw-^^'-yiz^m^ 

Mib^^^ CMPCOiemical Mechanical Polishing: it 

^mmm) mi>zx-yx^m^mmmi:Lx^m^ 

mm-^. iJ^'V^-y (damascene) mbXlftiMmra 

^m'^l<Z^mxmi!b&t£fj.Tliy'?>-y{dml damasc 
ene) ft t1i . $ ^c:^flS=5:ieilISco3iM*< "Ttg t ^ 

I. 

[00033 ::c:t-\ ±iicoTJ.7/uy^i^ym^zxt 

im.mf&y'^-tX<r)-MI>Z-?\^xm3 2~I13 7 Sr#M 

(±'. m^t^j:^^TM^mnmmtm's.m^^tix\>^ii^ 
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{i\ itJECVD (Chemical Vapour Deposition)^^: j: 0 

^imiim.mmizm ti.3>'i$'^h4^-;i.303fcj:t/ 
^imm3 0 2<r)mmiiXxf^y-$^':^ h^s-)V3 03, 

S3 0 4rttfM'tl.. <IO^^'U-^Ji3 0 5{i. 

{f. Ta. Ti. TaN. T i N^c7)^f4&^^0^^^° 

•thmwrnfmrnm 0 2^\.zm.-fi><7^m±'th 
3 0 2 *^ y 3 ymim^ i a ^Ji^ii(± . c u {s ^ u 

[00 04] <J:i^-C\ ll3 5(CS^-rJ:9l::. VN'UA'li3 
0 5±(3. 'y-YCnmSOe^^Jk'^ffyXJ-^-y^mzi. 
OFJrScol/i-C-ffML. <^v^-C\ 113 eti^-fj: a tc. 
3 y ^ h 3 0 3 J; V« 3 0 4 ^ C u -fSa^a 

tsXoiz. cumoi^mmh. cu^307(s. 

tztm. ^-y^a. CVD^. X^N°'x^a^t;J;-5T 

^^-r-s« <j:v^T', ii3 7i:^-ridt, wmwms 

0 2±iO^*^rC uM3 0 7fcJ:l/Ay^^3 0 5 

L/tro-trx^iS^3 0 Sit'liOJgLff d i i: tci; 
[0005] 

:^r)vy'?i^ym^m^^ti'^mwm^ru^xx'\t. 

^^=5:C uJi3 0 7ioJ:lXA''j-\'^3 0 5 SrCMPfttc 
X-yXm^thxmzi5\^X . lPBl^^^302i:Cu 
m 0 7fcJ:l/"A''J^^3 0 5 tc7)|^*tttg*mi)C: 
i:***?). W^3 0S\,Zt^ y'yy-/. xn-i^'gy (i^ 

^Ltz, T^-yyy^li. Il3 8t^-rj;3t. 
{f. 0. 1 8/xm;l/-;U<7)T-»f^y;W-;Hct3l->T. ?t 
1 0 0/zm^jgOct-3^1SiOJSV«3 0 8*i 

^uzm^iz^ mmMco^^tmm^zmi^ti^ 
^A.x'btomm-h'o. ^(Dr^^vyy^ifim.-fh 
}iW^3QS(Dmmmm^&-thtz^. wmmim^^u. 
mmMt^j:h. yyyyii. wmmi^zim 
mm<^m'^r)v 5 ~^j^^m^tz^i,zm. L^f 

v^. xo-i-'gyti. m3 9{z^-tXo\,z. tzhi.\t. 
3 0 0 0 At miO^ffl^: 1 . 0 ;u m<7)ili(5D@eil*< 5 0 >'N'- 

\^mti^mv.zmi:^fixLtomiX'h o , xd-^; 



t s mm^mm 302i:ieii308i: m^xwm 3 0 

8ifi^<^j:^m.-hK'%XLtomi.X'h^ . ^cr,^ 

^zi^wmmmnm^tifzi^. nmmAmm<^ 

WMt^j:^. *i)-^CuM3 0 7tjJ;l^^N'U^E' 

li3 0 5SrCMPffitJ;ori^-ri.I§Tii. CuH 
3 0 7i^J;?7V^'U-^')i3 0 5 ^S&$Wl3^*-ri.itlW 

h'o. M^Q.\^m'^fz'o(omiM.X'$)mmi^-hii. t: 

tUf. 500nm/mi nliLhi:^I.J;ot:^*$il 

m4nzffk-txdi,z^ wMmmi^zx^yy^s 

[0006] immt. muz^mm-xtsi^ixfz 
^j(^xh->x. tzbuf. mmmm^^ti^mw 
mm<7)imm<7)^mmmmi<zX'ox^ia'ftt6mjz. 
^mm&imui,z^m^tx'^ , *-o^^^^^jajMcoi^ 

[0007] 

[iiis^)B?^f -s/ii^co^e] ^mmmm^ma. m 

m^commi^^'t^^zE^^-^t. ^ntmm 

m^'p'L^izmm^m^m^^t. mimmTM^ 
wmmmmmmzn^t^m(7)mmmmm 

mmtmMmmxM<7)mmtm^<r)^mi>zm'^xii^ 

mm±^zmmm^mi^timmmmt^mt . mmm 

X. mtmmmmt^i^mtimmiimtxmMmmxM 
^z-mtimmmmmi^-t^mmw^mi^^m ^ w-r 
1). 

[ 0 0 0 8 ] ^/i, ^wnmmmmii. mmmi^mm 
(Dmmmm(o±mi,zm^ i^^t^^mmtmrnm^^t 
mmxM^mi. mmmmmM^mirmimmm^zm 
m^^j:ti^^im^itxmmm-tmm^m.xh^ 
X. mmmm±t,zmmmt:mthmmmm^i^m^ 
^i. miimmizmimmm^mcomimmizmm 

imfmmbmmmmt,zx mmmt ^m^uzn. 
mm-^mmizj:'oxmMm.mmnmm<r)mmmm^'^is. 
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[00 09] :^mm<7)mm-nmii. mm^mmxM:<r) 

(o^f-wizm-^xmn^m^^. mimmmx^mmmm 
hxx/mtmmm^zx mmmm^m-^ uzmmm^m 
mizx -yxmimmmnmmzmf&^tifz^mmivts. 

[0 0 10] tfz. :^mmmmmii. m\mM^m 
m^^tLfz^m^(7)mmiz'm^mm(7^nMkmm 

^■txmmmmt^mj!^tmum. mim 

tm^<D^mizm^xm^m^^. mimm^(oo 
mumxM.(^mmm^zM ixmta tfzm±cr)T-m 
mmmmmxMmmmmizji'oxmmmzm^t 
hxmt. mBT^mmmm^^tixmrni^zmmifz^ 
mm{hsi>mmmm^zx immmmmizx^xm 
iixmiimm'^mitthxmt ^^rti. . 
[0011] :^m<7)^^mwmmcommij'm. mu± 
m^^tifzmmizammm-^fzibcoMmm^ 
mm-ixmt. mtmmmm^mibjhtsxd^z, luia 
mtm±iz^mm^im^'it6xm . mtmmm±i,z 
imtfzmmmm^zmmmmcommRmt:Wifi 

i,zi->x^ ti-zmm^mm(r>mmi,z^ti {hmxcoT- 
mmmmmm^zx-oxmiRmmn. -m^mc^a 
§^^mmmii!,^^hxmb. mmmiauz^mmcoa 
mmmmm^zx-^xmi:}^. mmwMmmc^mib^^;^ 
^zx-ox±tfzwiii^mmcDmm(Dm{h^'v-mti-hx 

10 0 12] tfz. :^wM<^^mt^mm(r)mmumii. 
mmmtt^w-m^t^titz^mmmMmmmjLiz^^-t 

mm^mmx-^x^L. mmm^^:mfs.-tixm^^ 

[0013] :^m<7)m^mmmmiomxu. mm 
i^zmamimmizT^mmmm^i. T-mmmm 
mmm^t^zbx. ^mj^mmmm^zmtat 
1). zco±mmamm'ofzT^mmmt:'?^i:^bix 
mmmi^zxhmmifmizX'^xmiRmzmiii-ti. 

m'^-mt^ fifz^mmi , mmm^mm^z x^xmm 
mmi^ti. tzbtif. mm^mm-mizmtji^± 



iz^^ti^m^mmummizm^^tih. 
mmm^^tixmmmmmtib. mmi>z^<o 
m<^mmmm±i. mmzm&^tifzWMmm 
izm.ibmtifz^s,mf}<m\m^^ti^j:^ ^ , 

[00 14] 

xmmi^mixmmti. 

i-mx'h § , n 2 {im ^z^-tmmmscDtux^ -v m 
<^^^t&±mxhh. mii,z^tmm^mni. mx^ 
V ¥^2b. mmmne i b . mm^m i ±mmmi- 

7 1b. mmm^i^mms i b ^mx^^^ . =5rt3. m 
^^M^tiK mmmsm. ^v-yiu-j^mzim^ 
ti. m^^v-yfi^-MzimmmMmmbtxcr)^ 
3:-j^^mmuz^ji-^^:^-t^y h^mmxtrntax 
7i^-htimii(^tix^^h. ^(>i,z^ z<7)mii!,x^-h^ 

mtX^V- y/l^- A tJ8A ^titz^x~J^:^^^yh 
t SfitgS 1 i: <^^f'> X -AcogtM t $r 0 X - 
Aj^Mn#->y htt^mmXyi^-hbrnm^Sl bcomzn 

[0015] mx^y m2ii. mmxM3 ^mim 
m^t. mmxM3t:mtmmxMm^i ib. 
mmxmn^ 1 1 ^ zm\^<^ smimizimmm 
izmm^i^mmm ib. mmnmmb ix(d^ 

m^4 ib^mih. ^fc. mmxmn^i i*^'*^ 
mmmxM^mm^m-mm^zMm ix^*). 

m m^WMmmissmib^m-MmiizMmt 

[0016] zmammnbim^s i a. las^L^i^^ 
7Atiiis$^i/szw-9--;i<^-^ 18b. ^nmmi 
2i5xx/±m't-^i3izm^^ti. zwi-tf-.-K^-^' 

1 8i,Zim-$tLfz^^-JU^^imi 8 a^zm-^t^^^'j^ 

mm^tifzzm^y-fyieb. zmxy^^ie^ 

zmniflllz^mS^izUm-^m^L^j:^^:! yMz^ 
^tLtz:^-^ HP-;H 7i:&iSf I.. 
[0017] Zm^-t^^-1^ 1 8li. Ztt-r-^'t- 

^ 1 8izmm-^tifzzmvy^j-<5 2t'hmw}mmm 
i^^iix^m.mm^tih, ^^-ju^^misait. zm 
u\^ij\^^zm^xni'f(>rL. -m^zm^-^^^-^ i 
8izmm^ti. mmi. iiBc^ns^L^v^^^i^tistt 
^tifzmmi^zX'^xmmmzm^hx\>^i . z 
tii^zx*). zmm^i^mmm Hi. zm^-if.^- 
^ 1 8<mm^zi'ox. mmx^'^m^i i ^z<m'^ti 
tzmmx^ 3 2: zmi^^<r>'m.<r)mxzimm.w>'f 
zwmm>wm3 i(r)isLmmM^\t. tzbt 
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[0 0 18] xfmmmm4n±. ^^^sw^^^^y 

^^^l>zUn^^mmm4 5 t . ^^)\n—y}V4 2 

^mm.-^^hmm-n^mkfhmm^-^4 4}i. » 

4 6 i: . 'mm.4 5 (:iS(t 'i.^ifv:iDlA-y4 Ih.U 
m'^~'^4 4i5Xlf^^W.4 5ifm.W.^tifz\%:^^ 

4 9 h . XW-f-'tc^- ^ 4 9 tclf 
^-i^"fft4 9 a t , X!tt;?.9-f ^4 8t3jIfe$^*:-;M^ 
>''W4 9 at:l|^-ri.^^i^'a5*«$fL/i-sii)gP1^4 9 

[00 19] '>x>'NT-7';W4 2{i. fvittJi', 

m^mzx-^x^ x^^^^^m-ri . ^DI^^°y4 7{i. 

5 st^mwm^imi^^tihzbizx -^xmm^ix. 
z<Dmwmmmmtizbx-'7^^^T-yfU4 2 m 

^c7)lil|g|S:-CllIiE$-ttl> .1 i: *^'-C'# I. , X#-^-;i<^- 
4 9 {i. XW-ff-.-n'^:-^ 4 9 iE$^i;^^XW K 7 
^ VN' 5 4 *^ii>«tj^$ii|.IBSl«»iJt2 J: -7 TEKIBII) 
xmXyA y4St)^T\i-)V^-=Jm4 9 aHi-lF^mW^ 
4 9b5:^LrXfai:frf6j{:iggj-ri,. ^c7)i:#, xiftHf 

oT. '>x->'>r-7';l/4 2coxtfc^r[S]£7)Mjg$iJ»'nr 
[ 0 0 2 0 ] H 2 {i. ?5f®I:a^feitgP 1 1 <7)|^gp^itc7) 

3t. mmii^3^m-thy^y'Jm4h. y^y 
'jm4 m^^mzmthmmw. i2t. 
m 1 2 t,zm^tifz±m 1 2 a t mm^ fim$±m 1 2 

a^I5]!|£$-ti:S±«^-^l 3i:, itit-rJ'l 3±lZ 

istt '^ii/i u yymm. 1 4 1 -k^t h . 

[002 1]±Wt-^13{i. fzhUi. y^V^Y 

^c7)0^t^v^n-^{±. ^i^Bl 2 l:^Sit$ix/i± 
fftl 2a(ciiM$^iTl^l., ^fc. ±W^-^13(i4' 
/DgPi: i/ V yymW 1 4 c7) t'X h y n 7 H 1 4 b 
$ni.Mii?L^^LTv^l,. ifiS^-^ 1 3(5, ilSib- 

it-i^mik^timwm^iizX'^xmm^ti 

[0022] ummw. 1 2{i. tztm. :Lr<T u > 
^^fiitTjoO, ic?)xT<ruy^T:'±wi 2a^ifli 

Ssgftt^r^i^LTV^S, ffii^^Ml 2c7)±|ftl 2ai,4' 

^C^as^; X y r^a 1 4 h y o y h- 1 4 b *^jf A 

[0023] 77yv^gP1^4{i. ^SW^4*><^)m$il 

■c 0 , m^m 1 2 1 2 a esuic 

rapa54a?:iiii.. TiSS4 blC?5f®I^3*^'il#$il 



TV^I.. 7 7>'v''gP^t4c7)±ffiffi4c{|!|{i^^i^ai 2 
t2ffi^$il7t±Wl 2 aizmmtlXm. iiPlIll 2a 

(DWimzX'yxyyyz^m4ijmm-th. yyyjm 

*t4c7)±Jgffl4 c(i. ifft^-^ 1 3fccfctA'ffii^ai 

2cofl!lffl(:IS{t^ii/i©«tto)ima5W2 8 tcES^ii 

tzmmyyiy2i bmmLxm . mmyyiy27ty 
y y 'jm 4 1 iiMMmztm^ tix\^^i. 

[0 0 24] i^Vy^mSlAii. ±m=i-^13coy 

-x±izm&^tixn^. h'xhyi4aknmixi5 

t'XNyi4a{i, fztUi. '^VyymSl4P^ 
lc#t^$iil>^^E(z J: -9T3^EPA 1 fcilXA 2i7)v^-f 
tlti><D\^^l,zmm^tL^, Zcr)\^Xhyi4 alzii^ t° 
^ h ya y F 1 4 b*>3l^$iiTt5 0 s h ya K 
1 4 b{S. 1 SioXWnmW.l 2co4"i:^^ 

iioT. 7 7yi^'gPff4£7)^Pg|54a*^(b0^#tiiTV^ 
I,, h yn y H 1 4 bc05tffiWi, ffffigP$J2 1 i}^ 
m^^tixa*) . Z(0WS.m2 1 {it°X h yo 7 H 1 

4h^ziciixm^mmx'^m^^ti^m^j:wmmiz 
x-oxm^^fix^^i, WEm2 n^-riam 
^zms^tifzwrnm 2<mu2 2 ao^mi^^^zmm 

|gi:'5roTfcO. t°;^ hyn-y H l 4 b0^epA2:^[6] 

^c7)|gi!jt; j; ->xmm. 2 2 ^ff E-r , 

[ 0 0 2 5 ] i^U y^-^M 1 4i0h°X h yn -y H 1 4 b 
«tt2 0*iWA$ii. h- j?.hyn.y HI 4bt:^:^L-Cil 

TfcO. ±W{Sv'yy:5^gSl4cOh°Xhyi4a$: 
Sii LT y 1 4 ±tclS(t '^fL^co-:? U 3 
y M 5 ^TWT *3 0 . TSfiti, t';^ h yn -y H 

1 4 bi3cI;VffEa5*j2 1 $:KjiLT«^K2 3^f# 
VTfcO, «®«^2 3WgiB!§iiTV^|>, 

[0026] ii«Mi2 0{i, 4"i:^gPl:R3ifL*^'J^fiS$ix 

I.. jiSfft2 0{i. o-^Ui^'g^yM 5i;. 

m«i^2 3 km.mzmm'thmi'k^tz Lx\^h, 
[0027] m%m2 Q)<7^^m>\iz^tm^tifzxi-9 v 
xa-f yhi 5(i. i)ii«®6 mr^x^tm^e^jtz 

tfig$^l-C*3 0, Cc7)a-^>ji;3^yM 5{SjimfIt 

2 0*^'III|gLTi)i«lill2 0^O3im^^tl., ■f'Sr 
i^*>, ji«Wi2 0(SlHl!|StT(>o-^yi/3-f yh 1 5 
t;J:oT«^S|g6 1 t^i^y°yXC7)m^^Lt^WM^tli>. 

[0028] ji«iiii2 ocoTt^^zi^m^tifzmmm2 
3{i, ^mttmt^i^^j:'o. mz. ^3:-^\wm^^ti 

{±, ±mmtimmm 2izmmtixt5'o . wm23 
<Dnmmmmu2 2 ^zm^txa^ . rmmiziix^ 
yym2 4ti^m^tix\^i. 
[0029] ^zx\ 113 ( a ) ii.mmi.2 scommco 
-mk^tTmmx'$) 0 , 113 ( b ) iimmu2 3 1 , 
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smi^^^tmmmx'hh. us (a) i^z^txo^z. 

\^^zmm^zwv:hmmm^2 s h^m^^nx^^ 
ttz. 113 (b) t^^-fctat::, mmwL2s<7^mu 

l<zm^^fltzm^yX)V2 O aS:jil:T«^§^l«.X7 
'J -*3 J; 23b$:iitTX^7 ygp^ 2 

4c7)^ffi(;fe!:irri.J;^t^oTv^l., -r^i^*>, 

0<n^'t-mzm^^ixfz^^yX)V2 0 alriitTXi? 
5yM2 4c7)±i!|ffit-^^$^l|,^:, X^77'"g|5«2 

a. x9^ymi2AmxfmMM2 0(r)mkyX)V2 
-^wm^znmLxx^h, ttz. m«i^2 3, mmm2 

[0030] 2 3 cOTffil::!^^^ ii/t X 5 

Mffi*^^>T{iiffitji}ii$-it-?. ^ t hm^t^^m^ 

^tlX^^l. tfz. C:<7)J(.^77'g|5W2 4{4. -^x-VN 

^f^i^^li, h'::i;l/r^r^-;l/ ( P VA) ^Srt'cDffi 
[003 1 ] ffii^K22{4, fztUi. -ty^^X^ff) 

mmmt^m^^tixti'o. z<omim2 2\mm 
m^<^w^mi2 b^zx^xumm.1 2<r)±mi 2 a 

mi}^m^cr>^^'immmmmi,zmm^ hxii'o.m 
mmi 2(DiMi 2 ai,zi^ixm^mzumtix\^ 
z<^fzisb. mmm2 2iiimi2acom\^^zm 
-^mx'hi . tfz. mtu 2 2 1 ±t* 1 2 a t <7)mz 

V y:/t>i^^j:m\t&m25Xim^tiX\>^h. 

[00 32] ^iMiflx2 2$ri!^i^^Sl 2cO±Wl 2a(C 

Mixmumzt. mm2 2b±mi2atm^ 
m2 5X'm^-tmf&ti-^ztizx'o. i^^jyvm 

m 1 4 (ilSJExr fC t°X h yn -/ H 1 4 b 2:3^ 
EPA 2 C7)f6]# (zT^^^I. , ffffgPW 2 1 ^^-WttgPIt 
2 5c7)fl7c:>]lCj£'^oT^iMi«2 2$:TOcffLT(t\ 

ztitti,i,zx^yym2 4hT^ti. zco^mt' 



mm2 5(r)Wtnzii->X. *eii^2 2(±±#L. 
Zflkbh\,ZX^yfm2Ahl.mh. 

[0033] sf^xft 3 (4 . 7 7 yjmA (m^T 
^mAh\,zwm^tix\^i,, :immx^3},i. t^^- 
)vmzm^^ixxi5 0 , T^mi^zmkmrnms a 
x.x\^h, mmx^3\i. mw&t^txm. ntL 

yif'7hv^x im-^m) mmm^^^'y:^-t^y 

m-\^t^i-^^]yi'ymm. ^y^ymm. x.7ii^i^ 

{4. mmm^th7yy'jm4mmm^ti. y 
y y i-'gpM 4 izmmt h mmzTy =y2it^(>mm^ix 

-ftchh. 1 saxv^^^m 2a^m 
ffiMt^>ii/i@«i4cojisgp*t2 8{4. mmmub 1 
(D^Airxmhrnmn^zim^ii. mmmi2s\<zmi^ 

hixtzMn^^y 3/ 2 7 (47 yy'Jmt4 c7)±Sffl4 c 
JgMLTfc 0 . MZX 0 . l5figX:a3{4€^mj!S6 1 
tmWMti28. mmryi^2 7t5X-(/yyy=J^^4 

[0034] mmnMsii. fzb 114 {z^-ti 3 

?5f^ffi 3 a {44"i:^WH*f LT iic/h^ftJK-CISM LT 
^fz. ■RJtgPMl 20±W1 2at'>x-AWi7) 
±ffit:^:tLTi5f)gffi3 aC7)M^i; [5|;KtcM^tTV^I., 
?t:fc;t{f. ^^m^l 2cr,zmxy^^l 6^cOK0# 

{t^^^iis-t I. ; b x'±m 1 2 a <7)wi^j:m\^-^ < 

0 ail-; *^'T-i= -S « ; CO J; a {: . SfigXM 3 

^ J; 0 . ?5faxm 3 cogf^ffi 3 a SrFiScO JlIIffi:>3 F 
T'-^^x-^NWlCff Utttfc^fc, i5faffi3 a^7)'>x->'^ 
W(2m--g. llfjW=5:f^ffl^j^ s *^ia4 tcs^-r J; 0 , «T 
gIft30^:^rifili3f^.g.iiB«c7)^^i:^-g,. ceo 
'>x-y^W5:^5^®Im3H>lf^t•CX!M:^|S]^;^t!J 
$•t^:Tl5f®TI^I:^fol^^C, 115 (a) cO^^®*^/i>[l5 

( b ) i,z^m-m. mm^j:mmms(Dmmm~ 
^tti:h. :^mtmm.^zmmmmw. i xu . mmx.^ 
3mmm3 aco-gp^aii-wtc'^x-Awco^sicf^ 

ffl§-tt. ^^Wf^fflMl^SSr-^x-AWco^ffilc^-i; 

[0035] m^mise i {4. iMLtzu—^^j ^ 3 ^ 
y M 5 h ji«7'7 V- 1 2 i: <Dm\,zfm<^n>EJk mw-f 

imMX'hh. n-^Ui^'a'f yM 5i:3i«7'7i^l 

2bcr)mzwK^mwti:itizi'^x. mmxMsb 
x^y 24 1 <7)^tc(4«fi[ii*m-r I , Dum 
jS6hc{4, mz-^(7)mE^iii:ht^^mEmmx'ii 
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;';ai:^l»K*^'2~3A, /Nvuxii*n , 2, 5. 10, 

2 0. 5 0AtscOV^Tii*H;^^^tg^ic7)$:<sgfflL 

x'^m'o mitu^^ =5: t cocT^mmi^zti tzmz-mi 
x'hh. ttz. \i!^fiWSi^zYcLx^-nm&i:!^m.mm\^ 
tz^. m^^<nWi.'mzhi>nm<7)'?-i^ym'&-th 

[0036] nmnmb 1 1:{±. ifwmwm\&^^i 

fcLT<7)«?Ilt6 2^fix.TJo'9. ^C7)a?ltf-6 2{i, 

mm!>^^hLx<^mm6 3tmtxt5y). ^offigt 

ti- 6 3 6 1 (zsTiii -g.«?ItSo'v . X - 

mmm^=t~'5>^)yy'^hfz^i<zmifi:>Kxi5^. =t 

i<z\^-^-th. 

[0 0 3 7] X5U-ft^^a7 X^';-^±iB 

c7)jii:w 2 0 com^yxii' 20a tC'Sj^-r <, :^ 7 u - 

m^7mmizmitT}i^-'yj^ (t^ps-^) . i^-ft-t 
U'^A. s/U;!?. mity^i^-^-^j^m^mmmitLx 

[0038] mmmm^^mm sm. mmmE l s: jdi 
^-xKgpi it:flt*&-ri.. m^MELfi. jg^it-fTj-y 

ix.fzb uf. mmmi^'^ii^immizMjtmm 

[0039] 3yhn-75 5{i. ©fii^a 1^7)^*2: 
1 s5:ttj^jLTi5f)eim30lI]|KmSr 

mm. zm]^y-(^^5 2i,zMixmmm^5 2siiii 
tiLxmmj:M3(^zmif\^cr,im.mi^mm^ff\'\ r 

F 7 A' 5 3 LT mmm^ 53s^ai:']LT 
X - AW<7)[ili|g|ic$:$W L . X$S F 5 A' 5 4 W L 
•C$iJfflIfl-t5 4sS:ai:>3LT. '>x-AWc7)X!|i:^|^]W 



[0040] ttz. 3yFD-75 5{i. l)g«i®6 1 

mmmme i ^^«»riit e 2 ^ ii/sijitfe 3 *»/^>c7)«gK 

i^mmmmm^- ess izm-:^^ ^x . mmms 1 
mm-^mb^j:'ox\^i. mmzit. m&mm^e2 
s ^^(^n(^titzmmmm.i}^~^b i 0 ti. n.^mm 

1 amm Lfz 0 . «?iffifi-^6 2 s ^ /^(ismtJiii 

fi^6 3s-Cl#^$iil.m?m. SMffiSi<ic7)<ilzS^ 
v^T . ?9f®jDXS:f?±$Hi-|, J: 3 \,zmmmW 1 c7)iif^^ 

[0041] nyhu-y55\,zmU^fifz^yVn- 

^-^yy^Uc«?i^<ifi-^6 2s*3i 

[ 0 0 4 2 ] ±iaL^cSfsga i izx mmmf^ 
i^x. -f^^Nmmm^^iifz^mmmm-r^m^i 
mizmm-fh. tea. '^x-AwcoaBtii. tzbt 
\i. mt^(=tct±M,mifm^^ti.x v ^i.%^tov ^xm 

BJ-fl), ^-f. ':7x-Af—y;k4 5(Ox-AW$:f- 
-v-y^y^^t. '>x-Ax-7';U4 5^|gillLT^SiO 
0lKi!cT''>x-AW^IlIiK$-(i:§, ^7t. '^x-Ax- 
7';U4 5 2: Xilt^[tiit:f|» LX.yy y'J^4 tcJR 0# 

(t <bii?tff]giM 3 ^ ^ X -j^wco±i](Dm^im^zis. 

xM3m^^^ib. yyy'Jm^zmm^tirzWM 
m.22. mMU23hxx/x^y^mi2Ai,mwm 
^tih, tfz. x^yym2 4^WELx\^mE.^ 

^2 1. t';?.Fyo-y F14b. t'XhyiAa. MM 

moi^mmzmWit^. 

[0043] X7'J-ffij^^a71t3j: 

x/mmmm^S8 1 t^f^^ti^-ti:^ 5 u - s Lisxi/ 
mmmEL^mmm orto«*&/x;u2 0 amik-r 

hb. :^9yi^m2A(^±mt^^xy')-Shi5i:V^ 

nmmEhtmii^^fLh. mmiL^3^zmijHzT^ 
$ ^xmmx^ 3 mmm 3 a 5: x -Awco^sctf 

eumm^^x. mmyy'y2i^:mtxmmT.^3 

^z-7^i-X(7^mL^m\\L. o-^iji^'g-f yhl 5$r 

mtxx9yy^n2A\,zryy^<7)m^^mviti>, 

[0044]$A,tC. i-'J y 1 4 tCif Exr S:^ 
J^LT. lllcO^EnA2<^:^|6]tZf^Fyn-yF14b 
$:TI^$-yr. >5.i?77'gP1^2 4c7)Tffl^'>x-AWtg^ 
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[0 04 5] ^zx\ ii6{i. mm^m.it,zii\^xmm 

mizmxh'o. msimicopiDf^criti^izmx'hi^ m 

$tifz±mmT^z. '^c-^-^^'Niizmt^^tifzmmw. 
EL^i^Lx. tfzit. mm^m-t^^bi^ziimmt 

X. tfzii. mtmm-th^tizxmmbLxmm-t 

msatcomzti^^r-yra wt^^ L T V ^ -I. . MHZ 

4 {mm.23) b(r)mi>zit^ix\>^^ti\ mtmc^ 
4t^hwm4^irLxmmj:^3i.z:mx^m&i <i \t 

\i\mxM. :^^y:fm^2Af^(^mmWLAiirLX 

mmii^3\<z\tnm^Wim\\ 

[0 04 6] za^fz^. x^yym^2At^^mmT^ 

LXmmJi^3\.zWiix^WM. i 1 i: , %m.E\.^-b'(y 

^ X -)\^<^mm\z%^^Kfmti^ht£h^w,W'^ t ^ 

%W^.^\,Zm.h%W^•\ 2tC^lIS-ri>« ^S^MTO^® 

\.z%m2m^Xlht. ^w3M^^^mhm,i. « 
ME\.(r>%m^mzi.->xM^y\\.\^. «M?gEL4' 

[0 04 7] Wm.EV.^(mM,RU%. Hflg 

i: L-C(7)X^' 77-^2 4 HHi: tTc7)W^IB:3 

SEMcl dr> -y b Jo -yT^wJ; 0 

13^^ < tTt3< >! Etgm8??gE L4«£7)ffitjtR l 
t TW^Xm 3 tC&Jl -Sm?! i 1 {if ^^fc/jN$ < 
^0. «Si 2if±%<t£-iX. %m'mL(n\^tL)^\i 

V 7° $ wto^ # $ i -5 xmttl tzib . 1^ Lfz 
i^lc, 3yhn-75 5liJ;^-Ci5fjeim3c7)Z|ft:fi- 

\^<7^\iLmMm^'^ -iX^^yrdhHiilf^^'yy'd^N 
<r)±^ $ 5rPS-ri.>I t ^zii 0 . i 2 ^-Stc-TI. 

fl^6 2 s*^A,#^>fL/::«M«?lE. 1-=5r*)*>. mk i 2 
t ^5: J: 9 , mglfilfi-t 6 2 s 7 ^ - H A' -y 
i^ft-tt LTZift-tf-4<^-^ 1 8<7)$iJtJP5:ff 0 ^ ^t- 

^tgf$> !> . ^ . mmmm. i <^ z!Wi:^[fi]i7){iai^a^^i 

ig{i^^8?tgO. lAtmi:+^tc;S<. jDi.T, ±«il 2 



h^t xmrm£^mw^sm\.z-mzmmixh ^ 

[0048] \:xi.<r>x 0 iz^ ^mm^mmmm i 

^Ji^«M?SE L t J; 6mmmX'^xmmi:i-m 
mmmmm^mix v ^ s , § . ±isffifi£wgfa^B 
i(i. ^(DmmmmmmiizMix . mmxM3hxx/x 

^t^mmm<7)w.^i^miz x-^x mm-ti ( ot, 

gfilJi, X7y-SL^fflv^-ftc?5fSXM3c7)Sfaffi 

(i, mmmt5xmt^mwmmcDm^mi,zXnx^ 
mmmmx'^^fzib. ^t^wmmm<o?^. h^^'^a. 
mmm<7)^^m\'^rzmmmmzit'<.xii^Mzmmm 
izmmm^^fro z b t<x'^ h « ^mmznthm 
\^mmv~vt)n%^ixhfz^. ?3faifl:3(0'>x-^NW 
^zmi>niiK-nFtit^mwmm<7^?t: hh\^\mm 
mm<7^^ ^m\^tzmmmm.^z]^iKxi^< 'f^th^itiM 

[0049] OT. *ii)5mit3f^i>ma^a 1 omji 

(^^mwmw.cr>r^r)vy'7i^y'mzx hwm^ru 

[ 0 0 5 0 ] 09(4. :¥%m(mnwmm.<7^mmm(r> 
-mmmm.i.zmmru^x^Tf^'tiMmxh'o . m 

xwj-rSo ^-r. 01 oic^-rj:ot:. tztut. 
m^^Lts:\^-^M%mMm^mm^^tix\^h. tzt 

t i^ua ym^m ( s 1 02 ) ^-h^j::^mmm 

H 1 0 2 2: , tztm. Rjmt LT TE O S (tetraet 
hylorthosilicate) SrfflV^TMECVD (Chemical Vapo 
ur Deposition)StIJ; OJ^)£-ri.« <XV^T\ 01 llCS^ 

■rxoiz. ^aL-j\co:^mmmmm^zmt^ay^^ 
h-!i-^-jui0 3i5Xr/^x-y\vfcoyfmm:^mi^tm 

nmz^m^timM^-^s- ycom^m^^tium 
mxr/x.yi-yymjm\<^xmfs.t^. 'Srtj, lais 

fflSl 0 4<7)^$(4. 80 0nmSJ^t'$) 

I.. 

[005 1 ] }!k\^X\ mi2lz^.tXoiz^ A'U-^'^i 
0 5$:l^*eiiMl 0 2cr>mmi5Xr/^y:^^ 
10 3, lEUfflmi 0 4rttJgfi!c-ri.. ClOA'U^ls 
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0 5(i. titHf. Ta, Ti , TaN. T i N^Oft 

D (Physical Vapor Deposition) ^t^iOs tlbtl^. 

1 5nmmmc0^^mTmm-h. ^^'U-V!^3 O 5(5. IS 

mmm-imAmmmtm i o 2 ^pi^znum-ic^i: 
m±-tifzi^. }5xr/. mmmmmi 0 2bcommm 

7°P-bXPRl-C$)|), 

[0052] H 1 3 t^iK-ri; 3 1;:. a'u^h i 

^l.i^~Hll 0 6S:^^»c7)^^N°-y^'at3j:D. fztl 
(i\ 1 50nmSJKcO)i/?-C«-ri. (rP-lr;^PR 
2) , i/-KMl 0 6{i. iiSrieiSfflvSfcit^'ny^J'^' 

^ h;^-;H 0 3i3 j:t/mffl?t 1 0 4 $:aa6jAtf J: a 
13. A'y-^li 0 5±lcS^*^<i,^S^Ji)il 0 72:. 

2 0 0 0 n mgJt^OHii-CJ^^-ri. « ^EM 1 

mizx-oxmrn-^tiK cvDm. xj'^-zi^wm^zX'^ 

xm^lXi,X^\ ^fc. i^-FMl 0 6{i^JRMl 0 
7k-mtt^ (7°n-by^PR3) . 
[00 53] ZZX\ HI 5{i^Jllll 0 7^A'U-Vjl 
1 0 5±l3ffML?tSitrn-b;^^4'i04^^#cga^BT 

m(r>t&±mxhh . HI 5 ts^-r i 0 tc. ^MJi 1 0 7 

iOWzti. 3y^;7h4^-;H 0 3fcJ;lXiEllffl?Sl 
0 4^c7)«|i6ji;^i^c7);''v:i6iC. Ttisttt'. eOOnmgJ^ 

(i. mmm^i 0 2±t:#st-'i>*^=5r^Ji)ii 07 
fcctiA'A'u^rMi 0 5mmtmmmmmx'm<. 
±iimmmw.i<7^mmm^mm^zX'^xno . ttz. 
^mmmiomx'ii. ^ticDmmm^mmizxirti 

m 6(3S^-rj;3{;. ^Ji^i0 7c7) 

affitcm^^i os^jg^-ri. (ra-fexpR4 ) . 

^cryT^mmm 1 0 SJi. ^Mll 1 0 7 ^^fiSt-r-S^JS 
(ffl) c7)11fi?RJii5^^{fl,f^ffl^l^»-ri.*f^*^^>=Sr-& 

[0054] T-mmm i o s m^irmii .tztin. 
^mm 1 0 7c7)affii;i?^i:3ij^M?pLTM^k)i^?fM-r 
-g., ^SMi 0 7^m^-ri.^JS*^'iiioJi^(3(i. 

ail (CuO) *q^«j.^Ml osfc^l.. ^Tt:. ftticT):^^ 

tlx. ^mmioicommiz. tztm. a^^m. 

co\>^i'ti^>m^LxT^mmmio8bti^tij-sim 
xhh. T^mmmos(mmim\.zm.'^^m\^tK 



%mm^±m^ i o i \<znLxm< . mwmmi^\!c 

[ 0 0 5 5 ] <x{3. if^^^mm-yimxii. ±mm\ o 
1 <7){hmzmiii^tifzT-mmm os<7y?).rMmim. 
s-r-g. (TD-bxpR5) , T-mmmioscmmits: 
m^\i. iMimmmmi^zii'^x'^o . ^^a. mm 
i,^5'j-sLfc(i:. m'izn-rhmm\^-v(m\^:^'7 

u t LtiTHmmizTju^i-. v 
ij. '^yiiy%.(mmwm:'k^i:^<^^mm-h . t 

■f. '>x-AWS:ST^gaic7)'>x->'\f— yyP4 2t 
y 7'm 2 4 ^zmifmzTm'tX ^ X - AWt^Jglfi 

3 i: mm 23 1 com^z^^i^ wxmE^ mwti> . =5: 

[00 56] ^^T'. Ill 7{4±IBcolfc^t3?>l>x^7 

rmm2 4imiz}5i^mmr^-tx^^.twi±mxh 

0. lll8{4i3fexfl:3#3fitctj(tl.Sfa7°n-fex^^ 
1-it;t;[lT$)l>« HI HZ7ii-tidl<Z. X^y7'mi2 
4#j£T{4. Ie]|K-ri.m«2 3comSP2 3b*><i>>?.7 
y-SLfcJ:t/mS??SEL*W$nT. XyV-SL 

i5Xu'mmmEUixi^yy^^M2 4^mmLxx:^y 

7'gP^?2 4 0^ffi*»4.'>x-AW±tZ^|#§^l|,. ^JS 

^1 0 7±^zm^^tLfzT^mmmio8ii. mmmEL 
^zx^mmi^m^^iw^rzibmmmEL^^(^±m^ 

^m^i 0 7 ^zimm.tHibA.mfii'. ±fs 

^z}s\^xmm^e 2T'^-^- ifzw^imco-m^^-t 
^7 7 s , 0 2 5 t;^-r«»iE<ic7)igt!§fifa#j£3{,ijt 

[00 57] X^57'OT2 4<7)|giKl3Uc*-'oT. ^ 
1^(4X7 'J -SLtZ-^^ til,. 

^mizx-oXT-mmmioscDm^^m. ■r=s:i5*>. 
^]s^ 1 0 7cr>m±<7)T^mmm i o 8*^<biiMWic^ 

mn p T (Dmrnm^mm^z x-^x los^z^ 

[0 0 58] ^OiotcLX. fztm. mi9l,Z9jk-t 

J: 0 tc. ^mm 1 0 7 oiniSP±ic^fi!s$iifcm^)i i 
0 8 ^1. i: . Tfmmm i o s tmm) 
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[00 59] ^mm 1 0 7 tt^mmzmm-t^ t . agp-c 
hh±mmi oi<r)m\m'jtif'ms{mzm\i!,-fh (rn 

^XPR5) o ^cOis^tO^jSJSELO-f^fflJi. HIS 

tc^-r i 3 m^n 1 0 8*>B*$ii7tgp^-c*)i. 

±WM 1 0 7^flgP{i:. ^mi^ 1 0 7 ^«-ri>ffl*^"« 

ttsti.. Mzx^x. ^mmioi^i<z\t'?^i-xm 

"Fe- i}Witl. ^iOV-<-^X«^e- (4. Hi 7l:^L 
J: 0 1:, 1 0 7i7)^ffi*>A>lg|?SE L^jioT 

m« 2 3 , ±IB UzW^i i 2 =3: 1. , 

[0060] ±aiLfcj; 0 ^mM 1 0 7 ^m-ri> 

0 8t;:Jt^T«^fit*%<S»£^,g 

xmmthfz>sb. mmt ix(7)^mm 1 0 7 iiPtiii: l 

\\ tts:hh. nMmmf>H&.Mot,mf^^zmih% 

^znLx. ^bLX(7y±mmQ7<^mi}i^zi.hnm. 
mwm<7)m (^jgjii 0 7odiigpo=5r**fii^v^ai3j-io 

mm<7im^^t^i^m^M\,zm^mmt^±% < ^d:mm^^j: 

Tia-ftJ&W-r-?. , ^cot^. ll2 5t;i3V^T. PIT- 

(Dmii. mmm'^muzit'^x . n^Mzmmmiz^ 

[0061] ±si(omizX'ox. ±mm 1 0 7 com 
mm^^iz^mit^ti^ t x-mmm^xmrnm^mmt^ 
^7Lti^mmio7(Dmmii. titm. 1120135^ 
i-x d i>z. ^mm 1 0 7(r)mux'h^fzU'!&izm^th 
^mmm lost ^mm 1 0 7 <7)i}immi$tLtimco 

[0062] m^^x. m2 1 (:s^-r<j; 3 iz. nco^mm 
io7(7)mmi>zmmT.m3i5i:u'xy^j-sLfpcr)mm 
muPT^zxKinhtimm&jmibmmmEuzxi 

p R 7 ) , t # , ^^^-ri. 1 0 8(7)mm^ 
^mi^mifzXoizmmmizttKxi&i^fzib. ^ 
1 0 atmmm^mm^tii t # . ±i,zmmm 
mizxm^^ti. ^<^Ti>z$)hmmmi}mtiiL. ^cn 
'm},zm\\^x%mmt-mK-th. 0 s*^- 
•^^.i^^ivtz^Mx^wm. 1 0 7 ^^^-tsfiiioaffi 

S{41:^i:=5r-&. ;iifc|5l«fl:, «»5flt6 2■C^::l^- 
L/::«»iE^, 112 5^ct3V^TP l£7)fira*^^>±#L^c« 
'&m±. m^Ml 0 8c7)|^*tcff-:.T±#t/:;m. 
<^^S«*<S;»ci: 'Sr-S P 2 X^'fn^xm±^tts:h . 

^^tx<r)ru^x\,zx->x . 07<T)mm<m 



[0063]Cc7)j:otc, *|ISi6?^.^c7)^^^i5f]g 

m^<mmmmm\z^'<x'ik\^%-i.m)xm 
m^'^oz.tf?x%h. ^(r)^ut. nmawmmm 

^^^^IPslffi^JKl 0 2\.ZW^■^Xfz'^^\.Z1l\■'^\.Zm 
X'hh. 

[0064] ±IEc7)^M^ 1 0 7 cO«M1t-&i5fa*^aff 
LT. ^%t£^WM\ 07ifm^^tlhh.. 02 2 

8) , ^coi:^. wm\^2(n^~y--th%^\i. m 

2 5 C7) P 2 T'S^-r^JlM 1 0 7 ±c7)mi,lli 1 0 8 
'^TI^i^ii/iB^^j; 0. [12 5(0P3-C' 

^-r^'uriii 0 5*i"^ai-ri.B#;s^-cB&-sc7)ii$:t 

I., ^^'yT)il 0 5*>'lltii-ri.i:. ;^v:i:i.{f. Ta. T 

i . TaN, T i nmmm^m^uz'^\,z\t. ^co 
mmimtimizit^iz^^^tzib. tztia. m25<7)Ji 
y m 1 0 5 (T^mmt^mi^-ft p 3 t'^-ri^^*-ib«8s 
lt6 2-c^-i5'-L/s«iiffi*%TU4i:y)i., ;i<7)^ 
mxu. ^mmi 0 7 cr,r-i^~^<7)mmi}mw-tim. 
xhri. :i<^^xmmMx^-s.w±'t?>. i(7)mm 
Mx<7)W±ii , 0 2 5 CO p 4 x'^-tx 0 ^zm^i.m^& 

cr>mtXTt^'yfzilbi^yhXJ-y5 5timmL. W 
[006 5] J^V^T\ A'yrJil 0 5$:|^*-ri, (TO 

ti±. ±iec7)i@*>'b^fiic§iii,^JiMi 0 7t3^t-ci5f 

^l/-hc7)i§V^X5y-SL-C{4'5r<. Ta, TaN, 

T i . T i N^mmt^i^m^^tifz^-^vrm 0 5\,z 
nLxmm\y~Ytim< . ±mmio7i^znLxmm\y 

li 1 0 5 i: ^mm 1 0 7 mmu- h<7)miKitti<x'^ h 
t3^±% 7 y - s L ^figffl-ri. , 

[0 066] ^/i^t:. ^-A-;Ky yS/jLt^ctSf'-f -y 

Ii«ii6 1 <^\&-nw±^±Mi<^ru^xii y) < L 
TA-ymi 0 5cogfei^&ffa. ^z::. ff®X:a3 

axx/. ^"^urmi 05mi-tibmmmtmi 
0 2 timmizmmth ^bt-^. mmm'8i(r>miM^^ < 

^j:6<r>X\ ±feiO«B£ft6 2t:J;|.mjSm»iiCO^-^'lc 

itix. xmcommfe 3i,zX'^x yf^^2 4 b 

[0 067] A'yrm 0 5S:|^4-r^i:. 112 3(1^ 

txoi,z. mmmimio2timm^zmti!,'r^ iru-t 
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xpio) . J9mmmmi0 2miii'rit. 112 stc 

ime s^zji-yx^e-i^-tfznmmmiimuuit 
[ 0 0 6 8 ] ^ ; T-\ ^mm 1 0 imm-hU"^):.}^ 

U rli 1 0 5c7)MaigB^i:O^T\ im^fz^WM. 1 0 

i(nihum.^M<^^^):.wmz. -ttiih^. y\-mm 
^ 1 0 8 coft D ^' u 1 0 5 ^mmm^(7ym\ ^^'jt 

mmm(^w±tti^^izii. mmxMstxyv 
- s L ^zxmmm^xmm^i¥m<7)^ti-±i>^mzm 

[00 69] bn^x'. mmcoit^mmmmx'ii. 
m 1 0 5 }3xx/^mm 1 0 7 <7)mmmm^ 1 0 2 

ixmrB^mmm o2co±m(D^mw 
^^(^i!^-^\,zm^ti> , ^ N' u r Jii 0 5 13 J; t/ife 

mJll 0 7<7)^**i"+:5i-t14^l^Ji^i^^tl., ci^o 

Tt^). mrm 0 5*3j:t;:"^jsiii 0 7*^'«rai^i^ii 
1 0 2 co±ffitcs# t/i^^T-S)i>r y^'-t-y -y 

u-i^ By<7}mm^'s.mhzmnih>fi^x\^. -15. *ii 

xm\f. mrmmm 0 2±tsi,yN''jr^i 05, 
hh\^\i. ±mmiQim.^u'r}\<z\mm^mi:im< 
zbxwmm^^fi. m^^mmi 0 2a}m]mm^ 
^\mtim±.^h. zcofzub. m^tmmio2cr,-r& 

[00 70] ±MiC0Xdl,ZLX. titUi. Ta. Ta 

N. T i . T i N^mmt^^fM^iitz^-^'jrm 1 0 

5 Sr^±tc|^*-r-i. >r i: *^'-C'# ltbi>lz. ^-A-^f 

mtiztt^x^^, tfz. ±aiU^A->jr^i 0 5C0 

<'^^thzbxmmmim<^j:htK n^tmm 
mm-^j:m(7^nmmm'^^j:h^mm 0 7*^' 

ii'^^lt^ltf. A'U 1 0 5 (i^JSI^ 1 0 7 tCjrb^T^ 
l^fci^A'UT^l 0 5<7)[^*»g#:(4/jN$< . ;ora 

i^y^/, xa->''3y<^$eMffl{4iE||T-#I.Mc^-^ 



[007 1] <x^^x\ mme sx-^t-^- uzmm, 
mml<z^-^\.^x . nM.m,i}imm±mt^j:hMmmm 

ifi^l LfcBt^tvN'u 1 0 5 i^irThrvi^x^ 
mi-fh (rn-bXPRl 1 ) , nyvu-v55\i% 

mmm.(^\m:mmLx . mm^m. 1 (DMummWit 
^^h. mmMT.^mi-tmi.z^ mmm^¥! 
m Ltz 1 1 omit\ mmn^ 3 ^ x nwco^bic 

bx\ wmmm^mh-t. «»#fflco^t3j:i>^p<- 

m2 3 ^z^s-tx d i;. mmmm 1 0 2 tftitiisn 1 0 
9i5Xlfay^^ h 1 1 ot^mmmzmf&^ti:^ . 

[0072] <J:v^T\ IBUl 0 9t3j;t/3>'^^M 1 
0 fLfc^*f*:gS(:M LT 7 7 >y X y^Srff a 

(7°n-fe;^PRi 2 ) , icoyy •y'yyyrvi-txii. 
mil 0 9t3cl:V3y^:? h 1 1 OtmfiiL^titim. E 

i>z. mmxMs^zryx(7)^v\^xm&^m\\i. myi<m 
mmmmm\ ^^-^^wcnmrn^z^^m-ixy 

y^y^yVy^'Hoim^Zi,^ Xy^i-SUZ^tfl 

^i:<thtz^l.zmzi§%^^tX\^htzi^. mt^^ti:h 

±mmi 0 immizmmm\.zmmLxm^MT.i<z'm-L 
fz(^^mm^\,zmsLfz^^^zi, . mmbLx<7y^m 
mio7^mm-hm(^mm\<zmm-hzb\i/j:<. m 

2 3{z^Ltzi:d^z. ^^bLXff)mmx.^3(7ymm^z 

j^-y- )Vi^mmb Lx<mmx^3(nmm><z^\%-^ 
^(ytihtz^. m<rmm^zmkti'Zb\,i.ts:\^. --n. 
\waymm>^zm^ t t ft t t v ^ ^ ^ ^-r ^ 

^)Vh±M.(T)yy'v>'yy\,zi.r>x. '>x->'nwo^® 

ti>mi:-thzbi?x'%h. tfz. mmmmPTtimz 
Lfzx yv-sL ^mm Lfz^-^i/z t mmt^zmix 
mimmfwmx'hi^^. mit^ti^t<. 
mmm^M^'tti,z. ^m^ty^^-^-^i^jumt: 
■th'mifhhtiK ^mmmmxit. f^mrnmiPT 

^:mz^m^^Xi6% . 7 7 7i^y/(cJ;oTc: 
s-T^A (r;^$r^) ^mbLxmffztiK mt^')"^ 
nmx'hh. 

[0073] ahc7)J; 0 IC. *IIMMl3f^|.iji^f!|:g 
S<7)m^rSi;i:ii{f. ^Ml 0 2[^lij^^L/^iSi^ 
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7 iz^^mmi^ 1 0 8 I . ^mm i o i <7)mm 
^^htzT^mm^ 1 0 8 rmmm^ i . m-o tiT^m 
mf^io8 ^-^x ^ b ixmm^zuta itz^mm: i o i 

'^izx-yxm'^mzmiti.zbX'. m^cocmpizit 
Kxii^tHzmmmi^z^immmmRittt ^ t 

mmtit^mmm<7)^^ifzWMM^mm^zx-^x 

t^^^^Eii 1 0 7 ^m^x^ h . z (Dfzi^. mmx 

(^ti. ^mmi 0 7^<r)i^^~i^t:mmx^htb t 

[ 0 0 7 4 ] ^ /i, ^mtmmmi^^i^mmcomm 
umzxm. ^m^mmi 0 7 mux^^u^m 
10 5 *^'iitii Lfzm<^x\ gr^^ffih t . ^ ^ u - s l 

L. mmmm6i<7)ii!,:hm&mmm^m^mix^ 

10 5 ^mmm^x^ . ^-A',-if u v i^a*<'£>s55r^ 

[ 0 0 7 5 ] t^c. :mtmmmi^~mms(om 
li'mzxtni. ^m^mmimMm-^mmizx-yxn 
mmi>z'i7orzi^, mmx^3<7)Mx&ij^iSi&iii,zti 

m<^WL^-b-m%mmL-thtz^\,zm^wmio 
2 b Lxwmmm^m.'^ik^^-^wkm^mmm'^^ 

[0076] i^Ltzmtmmxu. ^mmmmmT 
«coi6M^i(i. mmmmmnibmmxM:3<7^^:c- 
^\w^m.mmmx'^mx^^. ±^ifzmtmmx' 
mizXMmm'i&ru^xc^^^mmtrz^K * 

mMiiZtiizm^^ti6Z.b^j:<. ^y-/x^y^ r)V 

[ 0 0 7 7 ] s mLfzmmmx\i. xyu-s 
L^m^^fzit^mmmbmmmEL^m^'^fz'mmm 
bm^uzmm^^mmm^iz-^^^xmmuztK 

mcommms aizxmmmmzX'yxmmm-^mm 
^rfozbi^^mxh^. 

10 0 7 8] tfz. ±^Lfzmmmmxii. wmxms 
jilcao'i ^■c ^ N' >; -\'ii 0 5 tmiH-ti t x<^mm7'^ 

■tX^'mifztK ^Xcr)m^7'x:'-tX^=t-:}'-Lfz 



mi&mx'^mth zbh ^mxh h . nmi<z . mLtz 
mtmmx\t . mmx^ s b wm 23b co^comm 
z<7)mizm-^^^x . ^N'u^iiios 

mmro't;i.^^-^'-ifzm%mLmx-^mth z b 
i^'simxhi. 

[00 79] ^^^Jl 

HT'^)!.. i^t^climW^'^l.gfa^Bl-r'tt. 

yuti2 4^mifzmmm2 3b^zx->xn'^fz. 02 
6 iz^tx 0 {z^ ^-f -;nicc7)ffjei:i:4 0 1 {i, grs 

^ai^^^fc|5l^t^S1t^i#/i-y:l.i:i;tti. 

0 2t;i®«tt&it^c-tt^ffifi^t tTi iv^. mmx^ 

4 0 l^Oj&Sti, ±aiL^cllJ6^ffit|5|«com^-Clt 
9o ^OJ^-^titi. '>x-vNf—7';l^4 0 2^0311: 
{i, '^x-yNf- 7;l'4 0 2cOTgStCn-^ U-i^'n^ 
yh403^iSft, n-:$"J->-'3-<yh4 0 3tcj;-? 
TIlISg-ri.'>x-AT-7>4 0 2^0®mS:^t::im 

-r-?.^fi!ci: -ri. ^ h x\ mm%Wi(7)m^'ii ozb tiK- 

[0080] 

02 7 (i, :i^wm\%mmmm.(7)mmMm^^-m 

'>x-Ax-7>5 0 2(i. '>x-AW$-'>x-AWc7) 
iSffllclStt/i y r — ^ U y ^/ 5 0 4 tict T LT V ^ 
I.. l5f^X^5 0 llcti. #S145ri^;t-li-|.i:i:tt2. 
U T— ^ U y / 5 0 4 t Sr^tJ^c-tt, gf^Xfl: 5 

onz\t}Lmuzmmmmbmk(nmm:^'m-h. t 

tz. 'Jf— :h';y^'5 0 4{S. -^x-VNWlZ^^^il^c 

±Mi<^j^')rmu%txm\^mn.-th. $^>tc. ux- 

^yy^/5 0 4ai:. ^xWNx-y/PSO 2c7)Ta5t 

tmhtitzu—^ Ui^'3^yh503 ^atTi&s-t 

^fc. i3faifl:5 0 l^^'^^x-AWtCjgMLTt. 

X -/ i^'c7)*i5^^x' y T— ^ y y 5 0 4 co/p $ liLhoPt^ 
*^in$T'# ^zmmT.^3(r>m^^±% < ixts 

<ZbX\ mmXMSO I bV7—i-Vy:/5 0 4 bcT) 

I'mmK'zbti^x^h. 

[0081 ] ^m3 

m28ii. :^^miz^mmmmcomcommmmi^-t 
m^i^mmxhi. m2 8iz^jktmmmii. mmco 
c mpmw.iz^m<7)mmmmm^imuzi:,(oxh 

oT, ^2 0 l±l3i5fgA-7 H mm^) 2 02i)m 

m^titzmmxM:(7)mmmi>z^ «y 2 0 7 
x-oxi-^ y^y^/^titz^ x-.>\wco±m^m^^-^ 
^j:i)^^mi^-tx'^ :c~j\wcrmm^m\:tmmm 
M.x$)^. mm^'^y V202ui. Wimmm20 4bm 
mmm 2 0 3 1 mmmz^mzim^tix v ^ , t 
fz. mmmm2 0 4b^vM2 0 3bii.mim2 0 e 
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'^XmW'<'yV2 0 2im^^tlX\^h, tfz. ^x- 

'v :^ 2 0 Hi. mmm^t^(:>m^^tix\'^i. § 
h^z. ^com^^mzii. i5figvN°7 K 2 0 2(ommizm 
mmELisxt/^yv-sL m^t^m^ 2 o s *>- 

[ 0 0 8 2 ] .r -C'. 112 9 (i. ±Mm^mmi^mi,z 
xhmmm^mmmmimti>fzi^comx'h^, ts: 
fc. '^x-vNw^ffiai. tztm. m^2 1 o*>m 
^fix\^hh<7yti-h. m2 9\.z^'ri.o{z. wm^ 
mm^\,z\i. ^ x-^\^mm\,zmjii^fifzmm 1 
mmf-^^v K 2 0 2 <^mmmt cnmz\t. wmiE Lt> j; 

X/:^y^)-S Lti^ir^LtzWt(.\ 2 0 4 1 1 

mmm2 o 3 i:c7)^tcii:gi[mE*^'EiijD§ii. i 

agmii2 0 4*><^mMfSEL$:jioTii)12 1 Ol^^fs 
->XMlfWfmE L$rjioTlt®€^2 0 BtcsiJfLl,, 
lll2 9tc^-rnGF^c;)#j£-C'J4. mM^m^z 

ii'^xmm2iomm-thttuz. mm2io\m 
m^'^-y F202i:^9u-s uzxhwmm^^mz 

fzmmmm^zi^mmmm. 1 1 Pi^co^m^^^^iis , 

ll2 8(7)^«tc|l|^$fLl.i5(ni4^<. H 
3 0 iCS^t J: a (C . ^^Olii[cOlllim^ 2 2 2 ^iifil 
ic^SPitffi^iJ L . Hffim® 2 2 2 1 J: -oTffl^iil.^ 

'mm.mzmMM 2 2 3 ^ eh l . nrnm 22 2t 
223 1 ^:mm^ 22 a x-m^mzmiUzm 

EiA-.y h'2 2 li:L-Cij;v\ $/i>(z. fzhUi. 113 
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